Kjaerulff et al. 1 present a comprehensive analysis of geographical inequalities in survival after acute myocardial infarction (AMI) in Denmark in the time period 2004-2014. They have previously published an analogous study on the incidence of AMI in the same setting. 2 We acknowledge that studies of geographical inequalities in cardiovascular disease (CVD) incidence and survival are challenging. Nevertheless, such studies can help to target areas with a heavy CVD burden and/ or an unfavourable mortality rate among incident cases, which, in turn, may enable the rational allocation of prevention resources. With this perspective in mind, we comment on the solid contributions by Kjaerulff et al., 1 who have dealt with some of the challenges in a commendable way.
It is a complex task to gain knowledge about the underlying causes of geographical inequalities in CVD incidence and survival after a life-threatening CVD event. Several factors may vary geographically: environmental exposures that affect risk; the neighbourhood context, which influences people's ability to adopt a healthy lifestyle; access to preventive healthcare and screening services; and expected time to an emergency medical service (EMS). Researchers have explored ways to find evidence for the causal links between neighbourhood context and health and various theories, concepts and methods have evolved. 3, 4 It is a complex task to gain an understanding of such causal mechanisms. Notwithstanding such challenges, geographically linked information on CVD incidence and mortality can have a direct impact on prevention strategies. Area-level data on the factors that should be used to identify disadvantaged areas are crucial (Figure 1) . Kjaerulff et al. 1 focused on sociodemographic data. They considered four dimensions of the neighbourhood sociodemographic environment in which people live: neighbourhood socioeconomic position; ethnic composition; population density; and population turnover. 1, 2, 5 A key feature of their analyses was the assessment of geographical variation beyond the neighbourhood-level and individual-level sociodemographic characteristics.
1,2 However, geographically linked data on factors reflecting accessibility to healthcare and EMS were lacking. Basic information about the geographical locations of relevant services may provide further insights. For example, in a study on geographical and sociodemographic disparities in the uptake of population-based screening for atrial fibrillation in people aged 75 years, we noted that the screening uptake was negatively affected if these elderly people had a long distance to travel from home to the clinic they needed to visit for the screening. 6 In their study on survival after AMI, Kjaerulff et al. 1 considered immediate fatality, defined as death on the same day as the AMI event, as well as mortality 1-28 and 29-365 days after admission to hospital. They found more marked geographical inequalities in immediate fatality than in mortality conditional on surviving the critical initial phase or longer. This finding merits further analyses. One concern is the possible misclassification of AMI in the cases of immediate fatality that were not examined clinically, suggesting a sensitivity analysis that evaluates the potential misclassification of the registered causes of death for the out-of-hospital deaths. Furthermore, an analysis of geographical disparities in the expected time to an EMS would be helpful. Even more desirable would be an analysis of different phases of the ischaemic time period: patient's delay; EMS delay; and time to percutaneous coronary intervention. However, register data on patient's delay are seldom precise. By geo-coding cases to both residential area and location at the time of the event, further insights on prevention strategies for improving survival after a life-threatening event might be gained. Information based on such two-fold geo-coding of cases has been used in a Swedish study on survival after out-of-hospital cardiac arrest. 7 Data on event location and time from the emergency call to arrival at the scene were available from the Swedish Registry for Cardiopulmonary Resuscitation and additional sociodemographic data were collected by geo-coding the patients to their home address. However, that study did not primarily analyse geographical patterns.
Let us now pay attention to the three-level modelling approach by Kjaerulff et (cf. Figure 1) . Analyses showing the geographical variations beyond the influence of both the neighbourhood-level and individual-level sociodemographic characteristics should preferably use hierarchical (multi-level) models, where individuals are nested within neighbourhood, which should preferably be nested within the other geographical units. Kjaerulff et al. 1 considered administrative areas: municipalities (i.e. units for assessing the geographical pattern) and parishes (i.e. areas used for collecting data on the neighbourhood-level characteristics). In Denmark, parishes are not necessarily geographically nested into municipalities and therefore, Kjaerulff et al. 1 did not incorporate the neighbourhood-level influence into a hierarchical model structure, but rather modelled the fixed effects of neighbourhood-level characteristics. Another concern is whether parish-level data are adequate for providing informative estimates reflecting the influence of neighbourhood characteristics. The median parish population size in Denmark in 2014 was 1038 (range 25-43,052) and the median parish area was 16.2 km 2 (range 0.1-114.8 km 2 ). 2 Kjaerulff et al. 1 reported weak correlations between parish-level and individual-level sociodemographic variables. 2 Such correlations would be stronger if the parishes were replaced by smaller neighbourhoods that were more homogenous with regard to social deprivation. Fairly homogeneous neighbourhoods seem to be preferable for capturing the contextual influence of social deprivation. On the other hand, sociodemographic characteristics based on smaller neighbourhoods are expected to explain more of the individual-level influence. It is a challenging task to disentangle contextual influence from individual-level effects. 3, 4 There may be opportunities for investigators to consider neighbourhoods with either a fairly similar population size or similar area. As an example of the former, we mention that, in Sweden, there is accessible data on the characteristics of Demographic Statistics Areas with current population sizes between 700 and 2700, nested within each municipality. As an example of the latter, grids of 250 m Â 250 m in urban areas and 1000 m Â1000 m in rural areas have been used in a Swedish study. 7 We have no reason the believe that the results of Kjaerulff et al. 1 on the geographical inequalities in AMI incidence/mortality at the municipality level -beyond the influence of both neighbourhood-level and individual-level characteristics -would have been essentially different if more homogenous neighbourhoods had been used. However, we do believe that the implications of the study regarding the neighbourhood-level influence would have been more clear-cut. Specifically, by achieving stronger correlations between the neighbourhood-level and individual-level sociodemographic variables, it may be sufficient and rational to allocate prevention resources with regard to the neighbourhood characteristics and the geographical variation beyond such characteristics. For the purpose of identifying neighbourhoods with a heavy disease burden based on sociodemographic characteristics, investigators may consider models with age and sex as the only individual-level variables.
Prevention strategies should target disadvantaged areas (in terms of disease incidence/mortality) to enable the efficient allocation of prevention resources. The association between socioeconomic status in the primary and secondary prevention of CVD has been highlighted in the European setting. [8] [9] [10] Preventive efforts in socioeconomically disadvantaged neighbourhoods may be pursued. We experienced a political decision on the reallocation of taxes to public dental clinics within the Halland region of Sweden. These taxes should cover the costs of dental care according to the caries prevention guidelines provided. In fact, that decision was taken with consideration of the results from an analysis of geographical inequalities in caries among preschool children. 11 More money was allocated to clinics surrounded by administrative parishes inhabited by children with an increased risk of caries, whereas less money was allocated to those clinics in areas with a low burden of high-risk children. Our follow-up analysis indicated reduced geographical and socioeconomic inequalities in dental caries among preschool children in the region. 11 It is crucial that a changed prevention strategy is followed up and evaluated. An evaluation of new resources aimed at reducing the incidence of CVD requires long-term follow-up, whereas interventions aimed at reducing the immediate mortality after an CVD event (e.g. by reducing the expected time to an EMS) may be evaluated in the short term. Of course, long-term follow-up is generally more complex and population turnover and a changing environment in the defined neighbourhoods need to be taken into account. Geographically structured models can be extended to evaluate short-and long-term trends. 12 Such models of patterns in both space and time can be applied to surveillance of CVD incidence and mortality. In particular, geographical areas with unusual time trends can be identified. 12 Kjaerulff et al. 1 shed light on interesting applications for addressing geographical inequalities in CVD incidence and survival. We hope that their work will encourage more comprehensive studies of CVD incidence and mortality patterns in space and time. Such efforts might help to rationalize prevention strategies.
